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CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application is a continuation of U.S. Application No. 09/672,422, filed September 
28, 2000. Benefit of the earlier filing date is claimed in accordance with 35 U.S.C. §120. 



BACKGROUND OF THE INVENTION 

[0002] The present invention relates to wire stents and related vascular devices. More 
particularly, it refers to a stent or other vascular positioned device containing a wire coated with 
a biocompatible fluoropolymer. 

[0003] My prior application includes stents made from interwoven groups of yarn filaments 
containing a wire. U.S. Patent No. 6,161,399 issued December 19, 2000 and entitled, "Process 
for Manufacturing a Wire Reinforced Monolayer Fabric Stent" is hereby incorporated by 
reference. In addition, U.S. Patent No. 5,961,545 describes wire stents immobilized 
longitudinally between tubes of expandable polytetrafluoroethylene. U.S. Patent No. 5,957,954 
describes braiding a stent and a polytetrafluoroethylene textile strand sleeve together in an axial 
alignment. U.S. Patent No. 6,015,432 describes an endovascular tube made from woven graft 
material with a wire employed in openings in the weave. U.S. Patent No. 5,741,325 describes a 
self-expanding intraluminal prosthesis containing interwoven fibers including reinforcing wire. 
U.S. Patent No. 5,607,478 describes how to make a prosthesis from an expanded 
polytetrafluoroethylene (ePTFE) tube with a winding of PTFE. 

[0004] It also is well known in the prior art to coat insulated wire with foamed fluoropolymer 
insulation as described in U.S. Patent No. 5,770,819. None of these prior art disclosures teach 
how to coat a wire used in a prosthesis with a porous expanded PTFE to create uniform 
expansion of the prosthesis. 

SUMMARY OF THE INVENTION 

[0005] I have now invented a process to improve my stent of U.S. Patent No. 6,161,399 by 
coating the plurality of wire strands of the stent with a porous expanded PTFE. The addition of 
expanded PTFE to the wire strand reduces platelet adhesion to the stent product. Restenosis will 
not occur since tissue and cells will not adhere to the expanded PTFE. 

[0006] The process of this invention is achieved by pretreating a spool of wire to achieve a 
predetermined shape to the wire and returning the treated wire to its spool. The wire is then fed 
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into an ePTFE extrusion machine where the wire feed is regulated depending on the speed of the 
extrusion machine. The wire is fed first into a nozzle of the extruder, the nozzle having a 
concentric opening in which the ePTFE is heated, sintered and then extruded. A laser determines 
the thickness of the ePTFE layer to maintain uniformity on the wire. The ePTFE coated wire is 
then respooled and interlaced by braiding or knitting with other coated wire. Various angles are 
formed with the coated wire which determines the radial and axial compressibility of the 
resulting stent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The invention can be best understood by those having ordinary skill in the art by 
reference to the following detailed description when considered in conjunction with the 
accompanying drawings in which: 

[0008] FIG. 1 is a flow diagram showing the process of this invention; 
[0009] FIG. 2 shows the wire preheated; 

[0010] FIG. 3 shows the application of the fluoropolymer to the wire; 

[0011] FIG. 4 is a longitudinal section of the fluoropolymer coated wire; 

[0012] FIG. 5 is a cross-section of the coated wire of FIG. 4 along line 5-5; 

[0013] FIG. 6 shows the interlacing of the coated wire in a braiding machine to produce a 

tubular stent; 

[0014] FIG. 7 is a side view of a coiled coated wire strand interlaced into the tubular stent; 
and 

[0015] FIG. 8 is a front view of a stent prepared by the process of this invention. 
DETAILED DESCRIPTION OF THE INVENTION 

[0016] Throughout the following detailed description, the same reference numerals refer to 
the same element in all figures. 

[0017] Referring to FIG. 1, an expandable wire 10 suitable for use in a stent is chemically 
treated to remove surface oxidation and is then shaped and preheated in an oven 12 as shown in 
FIG. 2 to impart a desired shape to the wire. Alternatively, a plurality of wire strands are 
introduced in the oven simultaneously, heat set, then removed and put back on individual spools. 
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These spools are sent to the coating step shown in FIG. 3. Alternatively, as shown in FIG. 1, the 
fluoropolymer can be adhesively applied to the wire 10. 

[0018] Typical wire 10 for use in this invention is nickel-titanium alloy known as 
NITINOL™, stainless steel, titanium, tungsten, platinum, gold, silver or other like malleable 
metal that will retain a memory after heat treatment. 

[0019] After heat treating NITINOL™ between 500-600 degrees C for two to ten minutes, 
the NITINOL™ wire 10 is respooled 14 as shown in FIG. 2 and is then passed through an 
extruder 16 as shown in FIG. 3. Individual wire which is not heat set is braided into the desired 
shape and then heat set at the above temperature for substantially the same time period. The wire 
is then removed from the braid and heat set again. After coating, the wire is rebraided back to its 
original shape. The extruder 16 contains porous expanded PTFE at about 250 degrees F, which 
is applied to the wire to a thickness of 1-8 jim as shown in FIGS. 3 to 5. The extruder 16 has a 
conical opening 18 through which the wire 10 passes. The speed of the wire is regulated 
depending on the speed of the extrusion process to provide a uniform coating of the 
fluoropolymer 19 on the wire 10. The ePTFE coating 19 fits snugly around the wire with no 
wire surface exposed. The ePTFE has a porous structure as described in U.S. Patent No. 
5,607,478, hereby incorporated by reference. The porosity of the ePTFE surface is between 10 
to 260 microns. The porosity can vary between the outer and inner surface with the outer surface 
having a larger porosity. It is preferred to have the same porosity throughout the coating. 
[0020] The wire containing the fluoropolymer coating is then respooled 22 and used in the 
knitting or braiding machine 20 shown in FIG. 6 to produce a stent 30 as shown in FIG. 8. The 
stent 30 has a tubular body 1 1 having a generally circular open ends 13 and 15. Body 1 1 consists 
of interlaced wire strands, each wire strand coated with ePTFE. Other biocompatible 
fluoropolymers such as PTFE and FEP can be substituted for the ePTFE. However, ePTFE is 
preferred for the wire coating. 

[0021] The stent 30 is formed by two dimensional braiding in which the coated wire strands 
are crossed on top of each other so that strands in the final stent product are tightly held together. 
Depending on the type of crossing pattern employed and number of coated wire strands fed into 
the braid, the resulting braid will vary in its properties, i.e., axial and radial strength and 
compressibility. In contrast, three dimensional braiding as used in some prior art stents 
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constitute materials superimposed concentrically over each other. This latter type of stent has a 
substantially thicker wall than the present invention of a braided two dimensional stent. 
[0022] Although the preferred stent of the present invention employs about twenty- four 
interlaced coated wires represented by wire strands 23, 25, 27 and 32 in FIG. 6, stent 30 is not 
limited thereto and can be configured with multiple coated wires of more or less than twenty- 
four strands. Thirty-six or more coated wire strands would be acceptable. 
[0023] Stent 30 of the present invention is made using a braiding or knitting machine 20 
schematically depicted in FIG. 6. Figure 6 is illustrative of the inventive knitting machine used 
to create one of the stents of the present invention. The preferred stent, as in Figure 8, would be 
made from knitting machine 20 employing about four coated wire strands. 
[0024] As seen in Figure 6, knitting machine 20 includes an intake section 21 receiving 
strands 23, 25, 32 and 27 of coated wire from three spools of wire 29, 31, 22 and 33, 
respectively. Spool of wire 22 has a braking mechanism 39. An out take 41 of the knitting 
machine 20 is seen to have, emanating therefrom, the knitted stent 30 having the coated wire 23, 
25, 32 and 27 spiraling therethrough. 

[0025] In the preferred method of knitting the stent 30, the spool 22 is caused to supply 
coated wire 32 at a slower supply rate than is the case for the coated wire strands 23, 25 and 27. 
For this purpose, the brake mechanism 39 is activated to a desired degree of braking force to 
slow down the supply of coated wire 32 to a ratio of, for example, 1 :4 as compared to the speed 
of supply of the strands 23, 25 and 27 of coated wire. 

[0026] As a result of this knitting technique, a stent 30 is woven having a coated wire strand 
32 braided about the other wire strands, locking the wire together and thereby providing a stent 
with increased axial and radial strength and resistance to restenosis and platelet adhesion to the 
stent 30. 

[0027] In the braiding of the coated wire strands, the wire strands are crossed on top of each 
other so that the coating is tightly held because of the crossing pattern to produce a stent with 
low porosity. The crossing pattern determines the appearance of the surface, radial strength of 
the stent graft and the compressibility in both the radial and axial direction. Compressibility in 
the longitudinal or axial direction provides a low profile for the stent as it is introduced into a 
body lumen. 
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[0028] The coated wire strands determine the wall thickness for a particular diameter of the 
stent. For example, in a 4 mm coated wire the feed ratio of strands to be braided are different 
from the feed ratios that are required for a 6 mm stent graft. The preferred number of wire 
strands insures a small enough stent so it can be moved through the smallest possible hole. 
Variations in the coated metal strand thickness or shape also alters the thickness of the stent wall 
diameter. 

[0029] This invention produces a stent that may or may not have areas of blood leakage, but 
does provide for passage of ions necessary for proper lumen wall function. The surface coverage 
is necessary to control areas of higher leakage of blood. The stent should have a uniform micro 
porous wall which determines the success of an implant. Blood needs to sweat through the 
holes, but not leak through the walls. 

[0030] Compliance of the stent is a factor directly related to the porosity. The more porous 
the stent graft, the more compliant it is. An optimal compliance is sought which is essential to 
impart the pulsable nature of the natural arterial wall into the prosthesis. 

[0031] The coated wire strands can be introduced into the braid in separate spools or they can 
be mixed together in one spool and then introduced into the process. Alternatively, the coated 
wire strands could be braided into a two strand mixture and then fed by several spools to form a 
braid. A wire strand 25 can be coiled as seen in FIG. 7. 

[0032] The stent 30 also could have fabric incorporated between the coated wire braided 
structure. The wall thickness of the stent is such that in the compressed state, a double wall 
thickness is at least one-fifth an end diameter of the stent. For example, if the final end diameter 
of the stent is 6 mm, the compressed double wall thickness is less than 1.20 mm. 
[0033] If fabric material is employed, such fabric material can be, for example, polyester, 
polypropylene, polyethylene, polyurethane, polytetrafluoroethylene or other natural fabric 
materials. Such strands of yarn can be monofilament or multi-filament. If monofilament strands 
are used, the strands can be twisted or wound prior to being fed into the knitting machine 20. 
The coated wire strands can have a diameter of approximately 0.004 inches and will have a 
greater thickness than that of the yarn. 

[0034] As shown in FIG. 1 on the right side, an alternative process involves no pretreatment 
of the wire and the ePTFE is co-extruded with the wire and an adhesive agent. The co-extruded 
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wire/ePTFE is then heat treated to activate the adhesive and the ends are treated before placing 
back on the rolls for use in the braiding or knitting machine to make a stent. 
[0035] The ends of the coated wire can be terminated using a biocompatible glue (the coating 
is glued to the wire), ultrasonically welded, or the wire can be looped around and welded such 
that there is a small loop at the ends. This prevents the fraying of the wire and also prevents the 
coating from fraying. When the ends are looped around and welded, there are no sharp ends of 
the metal and this prevents any injury or trauma to the vessel wall. 

[0036] The braided or knitted stent fabricated from coated wires as described above has radial 
and longitudinal compressibility. When the stent is elongated, it returns to an original relaxed 
state which is the final diameter of the stent. The stent is elongated and a sheath or a covering 
mechanism is loaded on top of the stent. This keeps the stent in a compressed state. The entire 
system is then introduced into a human body cardiovascular, vascular or non- vascular system 
and the sheath is slowly withdrawn either by pulling the sheath backwards or by moving the stent 
forwards. The stent slowly expands to its relaxed state and is implanted at a suitable site. If the 
stent is not implanted at the right area of the vascular system, it can be withdrawn again into the 
sheath, provided the complete stent has not been deployed yet. The sheath has also an inner core 
on which the coated stent is compressed and the sheath introduced on top of it. This inner core 
has four radiopaque markers on it which show the operator on an X-ray image the compressed 
length of the stent and also the relaxed length of the stent. Thus, the operator is able to clearly 
determine the length of the stent versus the diseased section of the vessel. 
[0037] The above description has described specific structural details embodying the 
invention. However, it will be within one having skill in the art to make modifications without 
departing from the spirit and scope of the underlying inventive concept of this invention. The 
inventive concept is not limited to the structure and process described, but includes modifications 
and equivalents. 
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